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AHHOTAIUA
[IpencraBneHbl pe3yJbTaThl pPAacYeTOB CEMH aBapUHHBIX PEXHMOB KpPyMHOMACIITaOHOTO
unTerpanpHoro crensia (KMC) monenupyromiero padoty peakropHoit yctaHoBkM BBOP-640.
Pacuer wucnonp3oBancs i pa3pabOTKM TEXHMUYECKMX TpeOOBaHUII IO COCTaBy, MECTY
PAcIoNIOKEHHs U XapaKTepUCTUKAM CPEICTB U3MEPEHUH CTEeHA.

The calculations results of seven accidents of the large-scale test facility (KMS) simulated
operation of VVER-640 reactor are presented.

The calculation was used for development of the technical requirements on structure, location
and characteristics of devices of the test facility measurements .

IHocTanoBka 3axaum.

Creng KMC, coopyxenue xotoporo ocymectnisercs Ha miomanke HUTU (Cocnoseiii bop),
IPEJCTaBISIET COOOM HMHTETpalibHY0 SKCIEPUMEHTAIBHYIO YCTAaHOBKY, CTPYKTYPHO MOJIEIHPYIOIIYIO
SHEProOJIOK CpeHel MOIIHOCTH ¢ peakTopHou ycraHoBkou B-407. Ha crennme monmenupyercs pabota
PEaKTOPHOM YCTAHOBKM M KOHTEHHMEHTa CO BCTPOCHHBIMH B HEro MACCHUBHBIMH CHCTEMaMH
0€30MaCHOCTH pacCYMTaHHBIMU Ha padOTy B TEUCHHHU JIUTEIBHOTO BpeMeHH. Jlnsi maporeHeparopa u
PEaKTOPHOW YCTAHOBKH TMPHUHAT OOBEMHO-MOIIHOCTHOM MacmTad MoaenupoBanus 1:23, a s
KOHTEWHMEHTa 1:27.

Crenp ODKEH BBOAUTHCSA B JKCIUTyaTaluio modstamHo. [Ipu BBoAe B 3KCITyaTaluio MEpBOiM
ouepend  CTEHJAa  JOJDKHBI ~ NPOBOJAUTBHCS  OKCIIEPUMEHTAJIBHBIE  HMCCIECJOBAHMSI  IPOLECCOB
TEIJIOMAcCONepeHoca BHYTPU 3alIUTHOM OOOJOYKM W NEepeJadyd TeIula K KOHEUYHOMY MOTJIOTUTEINIO
creiga KMC. Bropas ouepeny wuHTerpambHoro crteHga KMC mnpemycMarpuBaeT MIpOBEICHUE
JKCIIEPUMEHTOB C MMHTATOPOM aKTHUBHOH 30HBI MOJETH PEAKTOPHOW YCTaHOBKH. DKCIEPUMEHTHI Ha
9TOM 3Tal€ HalpaBIeHbl HA MOJEIMPOBAHKE MPOLIECCOB OTBOJA OCTATOYHOTO TEIlIa PEAKTOpPa B PEKUMAX
C €CTECTBEHHOW IMPKYJSIUEH TEIUIOHOCUTENS, a TaKK€ Ha MOJIEIMPOBAHUE IMPOEKTHBIX M aBapHil
CBSI3aHHBIX C OTKa3aMu 00OpYyJA0BaHHUS U T€UaMU TETNIOHOCUTEIS U3 IEPBOTO KOHTYPA.

JlJis 3TUX HWCCIEeNOBaHW MPOrpaMMON IKCIEPUMEHTOB MPEIyCMAaTPUBACTCS MIMPOKHM CIEKTP
pexuMoB creHaa. i ycrnenHoi ux peanu3aniu HeOOXOIMMO UMETh Ha CTEHJIE CUCTEMY H3MEpEeHHI,
UCIIOJIB3YEMYIO NIl TEXHOJIOTMYECKOTO KOHTPOJS U JJIsl HMCCIENOBATEIbCKUX M3MEpEeHui. 3ajgauda
COCTOHUT B MPaBUILHOM BbIOOpE MEPBUYHBIX MpeoOpa3oBaTesiell U BTOPUYHBIX MPUOOPOB MO Iperenam
U3MEPEHHS M 4acTOTe, a TaKKe YCTAHOBKH JTaTYMKOB B MECTax CTEH[A, MPEACTABISAIOMINX HAUOOIBIIHHA
uHTEepec. JrTa 3amaya pemanack ¢ nomomsio koga RELAPS5/Mod 3.2 mo paspaborannoit 8 HUTU
TexHoJoruu mno3Boisitoniell k kony RELAP moaxmiounTs [Uisi COBMECTHOTO pacueTa OJIOKM Koja
PARNAS pazpab6orannoro B HUTU. Kon RELAP wucnonb3oBancst misi pacdeTa BHYTPHUKOHTYPHBIX
TEIUIOTHIPaBIMYECKUX mpoueccoB, a koa PARNAS 1ns pacueta BHYTPUKOHTEHHMEHTHBIX
TETUIOTUIPABINYECKHUX TPOLIECCOB U MPOLIECCOB B CUCTEME OTBOJIA TeIUIa OT 3aimuTHON o6omouku (CITIOT
['O). bbuim BBHINOIHEHBI pacyeThl XapaKTEPHBIX PEXKHUMOB, OXBATHIBAIOUIMX BCIO COBOKYITHOCTb
M3MEHSAIOIINXCS TapaMeTpoB cTeHaa. /[t 3Toro nepeyHs SKCrepuMEHTaIbHBIX PEKUMOB ObUTH BHIOPAHBI
CEMb PEKUMOB:

e Pa3priB xonoaHoro Tpy6onposoaa I'LIK moaHbIM ceueHuem
Pa3peiB ropsiuero tpy6omnposoaa ['LIK nonHeiM cedeHrem
Pa3psiB xonognoro tpyoonposoaa I'IIK Ty=46 (15%)

PazpriB xonoanoro tpy6omnposona I'LIK [{y=10 (0.7%)
PexnmM o0ecTounBaHuUs C MOTEPEH MUTaHUSI COOCTBEHHBIX HYX]I.
Pa3priB maponposona (10 b30K) B pexume o6ecTounBaHUs.



e Teub U3 NEepBOro KOHTYpa BO BTOPOM Ipu pa3pbiBe Tpex TpyOok I1I" BOIM3M ropsiuero Komiekropa.

Ha ocHoBaHMM aHanmuM3a CXEMbI CHCTEMBI JKCIIEPUMEHTAIBHBIX HM3MEPEHHUU MOJEIN PEaKTOPHOU
YCTaHOBKHM OBIIM ONpPEAETICHbl T€ MapaMeTpbl, XapaKTEePUCTUKU KOTOPBIX 3apaHee HEU3BECTHBI U MX
HEOOXOMMO ONpENeNsiaTh MpH TOMOLIM NpeABapUTEeNbHBIX pacuyeToB. M3 paccMorpenus Obuin
VCKJIIOUEHBI [TApaMETphl CTEHJA, CBA3aHHBIE C U3MEPEHUEM TEMIIEPATYpPBI, YPOBHS M NApPOCOACP/KAHHUS,
T.K. MX IIPEJEIbl U3MEPECHMS 3apaHee U3BECTHBI.

2. MeToauka pacyera U ONUCAHUE HOAAJIM3AIUOHHON CXeMBbl.

Bo Bcex paccMOTpeHHBIX B JIaHHON paboTe pekrMMax B KaueCTBE MCXOTHOTO cocTosiHus cteHaa KMC
npuHATa paboTa CTEHAa B CTAl[MOHApHOM pexume B TedeHrne 100 cexyH] ¢ mapameTpaMu, MOKa3aHHBIMH
B Tabn. 1. Jlamee pexuM H3MEHSUICS B COOTBETCTBHM CO CIIEHAPUEM HKCIEPUMEHTA. YUYHUTHIBAsl TO
OOCTOSITENILCTBO, YTO Ha CTEHJAE HE oOecrmeumBaeTcs TpeOyeMBI 10 YCIOBUSM MAacIITaOMPOBaHUS
YPOBEHb HOMHUHAJIBHOW MOIIHOCTH B pacyeTax MOIIHOCTh B TedyeHue ~ 5-19 ¢ 3agepkuBaiach Ha
HOMHMHAJILHOM YypOBHE [JIs CTE€HJAa U JIMIIb MOTOM HAayMHAjda CHUXAThCS COTJIACHO KPHBOW crajaa
OCTaTOYHBIX TETUIOBBIIEICHM /1/.

Tabnuma 1
HavanpHble yC0BHS )1 pacyeTa aBaprii C HOMMHAJIBHBIX ITAPAMETPOB
Ne n/mt ITapamerp ADC c BBOP-640 KMC
1. MomntaocTs, MBT 1872 15,0
2. MaxkcuManbHbIN K023 puneHT
HEPAaBHOMEPHOCTH SHEPIrOBBIICICHUS 1,94 1,94
10 CEYCHUIO aKTUBHOM 30HBI
3. JlaByieHune Ha BbIxoze peakropa, Mlla 15,7 15,7
4. Pacxon TEIJIOHOCUTEIS yepes 10710 470
peaxkTop, Kr/c
5. Temmepatypa  Ha  BXOJe/BBIXOJIE 296,9/326,6 288,1/294,1
aKTHBHOM 30HEI, °C
6. JlaBnenue Bo Il koutype 111", MIla 7,0 7,0
7. Pacxon mapa Ha TypOuHY, KT/C 1012 36,8
8. Temneparypa nurarenbsHol Bojbl, °C 230 230

[Ipu pa3paboTke HOOANMM3AIMOHHOW CXEMbl HCIOJIL30BANIOCH OmucaHue “Mopenu peakTOpHOMN
yctaHoBkH B-407 crennpa KMC”. PacueTHas cxema, NpUHsATasl 3a OCHOBY, IIpeAcTaBieHa Ha puc. 1. J{ns
Ka)KJ0r0 aBapUIHOTO peKMMa CXeMa HEe3HAYUTENbHO M3MEHSUIACh, YTOObl YUECTh OCOOEHHOCTH aBapHH.
B cxemy ObulM BKIIOYEHBI: MOJENIb peakTopa, Tpu MUpKyIsnuoHHble merau ¢ ['TIH (ogHa —
UMUTHpYIOIIas aBapHilHyl0 C KOMIIGHCATOPOM JaBlIEHUS, BTOpas — HMHTHUPYIOIIAs BTOPYIO
LIUPKYJSIUOHHYIO MIETIII0O U TPEThs NETIIA, UMUTUPYIOLIAasl TPETbIO U YETBEPTYIO METIHU, HAXOIALINECS B
0oMHAKOBbIX YycioBusix), CAO3 HH3KOro M BBICOKOTO MJABJICHUS, TPU MOJEIM HaporeHeparopa, UX
noanutka, umutatop Typounsl, CITIOT, TomnuBHBIN ¥ aBapHitHBIA OacCelHbI, CHCTeMa TPyOONpPOBOIOB,
apmatypa, Hacockl KBA wu repmeruynas oOomouka. Kaxknplii U3 MpencTaBiICHHBIX 3JIEMEHTOB
00OpY/IOBaHUSI OMMCHIBACTCS 3HAYUTENBHBIM KOJHMYECTBOM OOBEMOB, MOJPOOHO OMHUCHIBAIOIINX
F€OMETPUUECKUE OCOOEHHOCTH MoAeNnu. TaM rjae HEeoOXOAMMO, 3aJaloTCsi TPaHUYHBIE YCIOBUS U
TEIUIOBasi CTPYyKTypa. B Tex ciydasix, Korja HECKOJbKO 3JIEMEHTOB CXEMbl MOJAEITUPYIOTCS OJIHOM
KOMIIOHEHTOM, €€ IUIomaab >KMBOTO CEUEHHS U TOBEPXHOCTH TEIUIOOOMEHA MPOMOPIUOHAIBEHO
yBEIMYMBAIOTCS. PeXUM TNOTHOrO 0O0ECTOYMBAaHUS C TOTepell MHMTaHUs COOCTBEHHBIX HYX[
COOTBETCTBYET HOJAIM3ALMOHHOM CXEME B3ATOM 32 OCHOBY.

B pexume c¢ paspeiBoM napomnpoBoga a0 b30OK, Ha BeIXxoje maporeHeparopa yCTaHABIMBAIACHh
KoMIoHeHTa 552, orcekawomas [II' or mapompoBojga, a map TMOJHBIM CEYEHHEM OTBOAMJICS OT
[IapoIpoOBO/A Yepe3 KOMIIOHEHTY 553 (cM. puc. 2).
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B pexume ¢ pa3ppIBOM Tpex TpyOOK MaporeHeparopa U3 HoJAIN3allMOHHONW CXEMBbI HCKITIOUEHA
cucreMa rnmaccuBHOro orBoja teria. Hacocst KBA Monenupytrorcest 6akom 60mb11oro oobema (Ha puc 2
komrnoneHnTta 902), naBieHHe B KOTOPOM PaBHO JABJICHHIO HACOCA HA 3aKPBITYIO 3aABIKKY. Pacxon u3
Oaka 3amaBaincsi paBHbIM nogade Hacoca KBA, pasmenenHoit Ha aa tpyOomposoaa (0,1055 kr/c) ¢
y4eToM 00BEMHO-MOIIHOCTHOTO K03 duimenta. Pa3priB TpyOOK maporeHeparopa MOJESIUPOBAICS C
MOMOIIbI0 KOMITOHEHT, MpeACTaBICHHBIX Ha puc 2 . U3 myuka TpyO III" BBIAEHsiuch Tpu TpyOKm
(xommoneHTsl 531 u 532), B cepeAriHEe KOTOPHIX ObUT YCTAHOBJIIEH «MTHOBEHHO)» 3aKPBIBAIOIIUKCS
kinaman 530. C momouipio kianaHoB 535 u 536 oObemMbl Tpex TPyOOK COEAMHSIIMCH CO BTOPBIM
koHTypoM IIT".

B pexumax c¢ paspeiBom xonomHod Hutkum ['IHHK (metns 1) mpemycmarpuBaroTcs
JONoJHUTENbHBIE KOoMIOHEeHTHl 302, 297 um 399, Mopenupyromue ABYXCTOPOHHEE HCTEUEHUE
TeIIOHOCHUTENsT U3 mepBoro koHtypa (131, 130) B aBapwmiinbiii Oacceitn (kommonenta 399). Uepes
KOMITOHEHTHI 294 u 292 xontyp ABP moakmtouaeTcsi, COOTBETCTBEHHO, IO TOPSYEMY M XOJOJIHOMY
TpyOOIpoBoiIaM K TOIIMBHOMY OacceitHy. KoHTyp aBapuitHoro pa3syruiotHeHus | koHTypa uepes
knanansl ABP cBs3bIBaeT MOJeNnb peakTOPHOW YCTaHOBKM C TOM CEKIIME TOIUTMBHOTO OacceiiHa, B
KOTOpPOM OTCYTCTBYeT oTpabotaBiiee TorumBo. [lo ropsuemy TpybOompoBoay koHTyp ABP uepes
oOpaTHbIi KJjamaH (KoMmoHeHTa 293) moAkiIoyYaeTcs K BEpXHEW Kamepe MOJCIH peakTopa
(kommoHeHTa 23), a MO XOJOJHOMY TpPyOOmpoBOIy Yepe3 oOpaTHhIM KiamaH (kKommoHeHTa 291) k
BXOJIHOM KaMepe MOJENH pPeaKkTopa.

Pexxum ¢ paspbeiBoM ropsiuero TpyOomposoma I'LIK cmozenupoBaH aHaIOrMYHO XOJOAHOMY
TPyOOIPOBOTY.

4. Pe3yJibTaThl pacieToB

Pesynbrartel pacueTroB TMOKa3pIBalOT (pUC. 3), YTO HAWMOOJBINIUN JUANa30H HW3MEHEHUS
TEIUIOTHIPABIMYECKUX XapaKTePUCTUK HAOIIOAaeTCsa B peXUMaxX, MOJETUPYIOUINX aBapUU C OONBIIONHN
Teuybto TeruoHocuTens. [Ipu 3ToM Hambonee pe3koe W3MEHEHHWE MapaMeTpPoB MPOUCXOIUT Ha
HayaJbHOM CTAaMU 3TUX ABAPUUHBIX PEXKUMOB, JIUTEIBHOCTh KOTOpbIX cocrtaBiser 100 c. Drtor
MOMEHT XapaKTE€PU3yeTCsl 3HAUUTEIbHON MOTEpPEe TEIUIOHOCUTENS U PE3KUM CHU)KEHHUEM JaBJICHUS B
MEPBOM KOHTYPE MOJIEIHN PEaKTOPHOU YCTaHOBKH (puc. 3.1). B paznuyHbIX 351eMeHTax 000pya0BaHUS
MEPBOr0 KOHTYpa BO3HUKAIOT BBICOKOYACTOTHBIC KONEOaHMs HaBieHUA. (s peructpanuud Takux
nyJnbcaiuii gapnenus (puc. 3.2) Heobxoauma gactora usmepenuit ot 25 mo 100 I'm.

[Tocne momaum xosogHOM BOABI U3 THApoeMKocTel u 6akoB CAO3 peanusyercs AIUTEIbHAS
CcTagusi TOCTETeHHOro omnopokHeHus: 06akoB CAQO3 W HamoJHEHUS aBapUHHOTO W TOIUTMBHOTO
OacceiinoB. dopmupyeTcss cHcTeMa COOOMIAIOIIUXCS COCYAOB (pPEeakTop,TOTUIMBHBIA OacceiiH,
aBapuiiHBIN OacceiiH), CBA3aHHBIX MEXAy coboit TpyborpoBonamu ABP, aBapuitnsimu netsamu LK
U TIEepeIuBHBIM TpyOOmpoBogoM. B KOHEYHOM HMTOTe MOJAENb PEAKTOPHON YCTAHOBKM IMEPEXOAUT B
CTaIUIO0 JUTUTEIHHOTO PACXOJAKUBAHUS YEpe3 aBapUMHBIA OacceiH, KOTOpas XapaKTepu3yeTcs
HU3KOYaCTOTHBIMU KOJeOaHUSIMHU TETUIOTUIPABINYECKUX TapaMEeTPOB.

AMITTUTYTHO-9aCTOTHBIE XapaKTEPUCTUKU KOJIEOAHUN TEIJIOTHUAPABINYECKUX IapaMeTpOB B
OPYTUX aBaphsxX, Kak MPaBWIO, HE OTIMYAINCH OT XapaKTEPUCTHUK B aBapUAX C OOJIBIION TEUbIO
TEIJIOHOCHUTETIS.

Pucynku 3.3, 3.4, 3.5, 3.6, 3.7 u 3.8 wimocTpupyroT (Kak MpuUMep) pacyeTHbIE MapaMeTpbl
CTEH/Ia, IO KOTOPBIM TOJILKO U BO3MO>KHO BBIOPATH MIPEIEINBI KAl U3MEPEHHH JJIsl MPUOOPOB CTEHA.

Ha ocHoBaHum aHanmM3a pe3yJbTaTOB pAcCUYETHOTO HCCIIECJOBAHMUS H3MEHEHHUS OCHOBHBIX
TeIuloruapaBiInueckux mnapamerpoB creHaa KMC B cemMu yka3aHHBIX BBIIIE aBapusX ObUIH
COCTaBIICHbl TEXHHYECKHE TPeOOBaHUS K TOYKAM H3MEpPEHHUs CTEH/a, XapaKTePUCTUKH KOTOPBIX
MO>KHO ONPEAEIUTh TOJIBKO MPHU MOMOIIHU MPEABAPUTEIBHBIX PACUETOB.

Cnemyer OTMETHTh, YTO TIpM BBIOOpPE CPEICTB M3MEpPEHHs HEOOXOJMMO OTIaBaTh
MPEIOYTEHUE B MEPBYIO OYepe/b TaTUMKaM, UMEIOIUM BBICOKYIO0 TOUHOCTH (mopsanka 0.1...0.2%) u
HIMPOKUH JAuana3oH u3MepeHus. JIJis HaJeKHON perucTpanuu MapamMeTpoB, H3MEHSIONINXCS B



Pe3yabTaThl pacuyeros.

Paspsis ropstueit Tpyos! ['LIK momHbIM ceueHneM

Paspsi xonoxHoi Tpy6s! I'LIK monHbM ceueHnem

3.2. Ilepenazn naBieHUs: MEXIY BXOIOM B a.3. U
RELAP5/MOD2 3.1./]aByieHne Ha BXOJie B aKTHBHYIO 30HY RELAP5/MOD2
JTHULIEM.
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PazpeiB xonoauoi Tpyos! I'LIK nonHbM cedeHreM

PazpeiB xonoauoi Tpyos! I'LIK nonHbM cedeHreM

3.3. Maccosslit pacxon. xuakoctu ot CAO3

RELAP5/MOD2 RELAP5/MOD2 | 3.4. MaccoBblii pacxoz napa B ropsueit Tpyoe ABP
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PesxuM ¢ pa3peIBOM Tpex TpyOOK maporeneparopa

RELAP5/MOD2 | 3.5. Pacxox B CTTIOT

RELAP5/MOD2 | 3.6. JlaBieHue B XBOCTOBHKAaX KacceT
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3.8. Pacxon rermnonocureiss or CAO3 BBICOKOTO
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IIpOLIECCE OJHOI0 3KcrepuMmeHTa Oosee yem B 20 pa3, moTpedyercss yCTaHOBKA JIByX JATYMKOB C
pa3sHBIMU IMaNa30HaMH U3MEPEHHUS.

KpoMme Toro xak mokasajl aHaJu3 pe3y/bTaTOB MPOrHO3HBIX PacueToOB, IMPU MU3MEPEHHM TaKUX
napaMeTpoB, Kak pacxoJ (CKOpPOCTb) TEIJIOHOCUTENE U TIepenaj JaBjieHus, HEOOXOIHMMO
PEerucTpUpOBaTh KaK MOJIOXKUTEIbHBIE CUTHAJIBI TAK U OTPHULIATEIIbHBIE.

Takum 00pa3oM Ha OCHOBAaHMM aHAIW3a PE3YyJbTATOB PACUETHOIO MCCIEAOBAHMS U3MEHEHHUS
BbIOPAHHBIX OCHOBHBIX TEIJIOTMIPABIMYECKUX IapaMeTpoB CTEHAAa B MEPEUYMCICHHBIX BbIIIE
aBapUiHBIX pPEXHMax CHOPMYIHPOBAHbI TEXHHUUECKUE TPEOOBAaHUS IO MECTY pACIOJIOXKEHUS U
XapaktepucTukam cpeacts usmepennii KMC BTopoii ouepenu.
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